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We calculate the S and P wave phase shifts in A - r scattering at the E mass using 

P 
the full relativistic sum x sum chiral perturbation theory. We get small phase 

t? 
shifts similar to previous calculations using sum x sum chiral perturbation theory 

PC 
in the heavy baryon limit. We also consider possible off-shell effects in the coupling of 

the Rarita-Schwinger particle C* (1385). Using SU(3) we estimate the off-shell coupling 

of the C* to A?r from the off-shell coupling of the A to NT which is obtained from a fit 

to the pion-nucleon data. We find that the contributions from the off-shell coupling 

can be of the same size as the other terms in the An scattering amplitude. 
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1 Introduction 

The amplitudes for non-leptonic decays of hyperons are modulated by the final state strong 

scattering[ 11. Th ese final state phase shifts are necessary in calculating the various CP 

violating asymmetries in hyperon decays [2]. S ome of the asymmetries depend on sin 6 

where 6 is some combination of the final state scattering phase shifts and a knowledge of S 

is necessary to make predictions for CP violations in hyperon decays. Calculations of A - 7r 

phase shifts are relevant to the measurement of CP violation in the hyperon decay Z + AT 

[a]. An experiment to measure the combined asymmetry Aa = ACY, + AaE is being carried 

out at Fermilab [3]. Here, for example, Acrz = cr= + & where cyz and &E are the up-down 

asymmetries in the decay Z -+ An and its charge conjugate process. 

The CP violating asymmetry ACQ is proportional to tan(Ss - 8,) where 6,s and 6~ are 

the S and P wave phase shifts in A - n scattering. There have been calculations of A - 7r 

scattering phase shifts in the framework of sum x sum baryon chiral perturbation 

theory (HBCHPT) [4], with much smaller S wave phase shift than some earlier dispersive 

estimates [5]. The P wave phase shift in [4] was approximately of the same sign and magni- 

tude as in [5]. The phase shifts in [4] were calculated using tree level exchanges of low lying 

positive and negative parity C states of spin a and ;. Recently the A - n phase shifts were 

calculated in SU(3) baryon chiral perturbation theory [6] and a large S wave phase shift was 

obtained while the P wave phase shift N -3 degrees was of the same order as before [4]. 

In particular, the S wave phase shift was calculated to be Ss =-17.6 degrees compared to a 

maximum S wave phase shift of 0.5 degrees calculated in Ref [4]. It has been claimed [6] 

that the large S wave phase shift is due to corrections to the heavy baryon limit. This is 

difficult to understand as corrections to the heavy baryon limit should be suppressed with 

respect to the leading order contribution by factors of E or 3 where p, is the magnitude 

of the pion three momentum. So the subleading effects are expected to be at about the 14 
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% level . Moreover calculations of phase shifts in the pion-nucleon system using HBCHPT 

give a fairly good fit to the data suggesting the approximate validity of the HBCHPT [7]. 

In this paper we calculate the S and P wave phase shifts in the framework of the fully 

relativistic sum x sum chiral L g a ran ian and find small phase shifts for both S and P g’ 

wave in disagreement with the results in Ref [6]. W e a so 1 consider possible off-shell coupling 

of the spin ;( 1385) C resonance, denoted as C*, to A 7r. This off-shell coupling cannot be 

determined from the decay C* + AT since it vanishes for the on-shell C*. In the SU(3) limit 

the magnitude of this off-shell coupling can be inferred from the off-shell 7rNA coupling. 

In Section 2 we describe our formalism and in Section 3 we present our results and 

conclusions. 

2 Chiral Lagrangian for Baryons 

The lowest order SU(3) L x sum chiral involving the involving the O- mesons, M and the 

f’ baryon octet B can be written as[8] 

where 

(2) 



M and B are the meson and the baryon matrices given by 

$+3 Tr+ h’+ 

M= ?r- -$+3 K” 
K- ITO - +j $ 

B = 1 
The transformations of the various fields under SU(3),5 x sum are 

c + LCR+ 

[ + L@Jt = U[Rt 

B + UBUt (3) 

The constants D= 0.8f0.14 and F=0.5f0.12 are obtained from a fit to hyperon semileptonic 

decays [9] and f?r = 131 GeV is the pion decay constant. 

The ; baryon X*(1385) belongs to the decouplet representation in SU(3). The interaction 

Lagrangian for the decouplet field D, has the general form 

Lint = gD,(gP” - zypyV)A, B + kc., (4 

where we have suppressed the SU(3) in d ices and we have retained only terms relevant to our 

calculation. Expanding A, in terms of the meson fields, the lowest order term describing the 

interaction of X:+(1385) is 

Lint + L2 = ;“;[gpv - zyfi~y’]d,7rA + kc., (5) A 

where C; is the Rarita-Schwinger field describing the C(1385) baryon. The coupling g may 

be obtained from the branching ratio of C* + AT. The coupling z remains undetermined 

because yPu p = 0 for a free Rarita-Schwinger spinor up and so it does not contribute to the 
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decay width of C* + An. However in the SU(3) 1 imit we can infer this off-shell coupling 

from the xNA system. The $ propagator is usually taken as [lo] 

On-shell, SiV satisfies the following conditions 

PPS1 w = 0 7 

yqy = 0. (7) 

In the study of the pion-nucleon system it has been suggested that the above conditions for 

S,, should also be satisfied off-shell[ll]. This leads to a unique form for the 4 propagator 

The advantage of this form is that the off-shell coupling does not contribute because of 

the above conditions (Eq. 7) which, in this case, are also true off-shell and there is no 

dependence on the arbitrary parameter z in the amplitude. In the heavy baryon limit the 

Lagrangian L2, in standard HQET notation, reduces to 

L2 = -f+(v)[g”” - z(dV’ - 4SpS”)]&7rh(v) + h.c., (9) 77 

where VJ~ is the baryon four-velocity and S, = iys~~VwV is the spin operator, Both the 

propagators Siu and SEV reduce in the heavy baryon limit to 

where 

P = Mvtk 

and the momentum k << 44 represents the amount by which P is off the mass shell. In the 

heavy baryon limit the off-shell coupling in L2 does not contribute since 

v,sj& = S,S& = 0. 
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So the off-shell coupling in HBCHPT would correspond to higher order & effects. However 

such effects can be important if these higher order terms are associated with large coefficients 

and if z is not too small. 

The invariant transistion amplitude for A - 7r scattering has the general form [12] 

T = u&I(k,e) + ;y - (kl t k,)B(k,e)]ui, (11) 

where 8 is the scattering angle, k is the centre of mass momentum and kl and k2 are the 

incoming and outgoing pion four-momenta. The scattering amplitude is then given by 

= x;[h+ig o.(ks x k,) 
k2 IX; 

with 

fl = FTLM{A + (&m - M)B) 

f2 = ~ f ;“{-A t (Em t M)B} 
cm 

h = fi t f2cod 

g = f2 (13) 

where xf, xi are the two component spinor representing the final and intial state A with 

mass M and energy E. The functions h and g represent the non spin-flip and the spin-flip 

amplitude. 

The partial waves fL* can now be projected out as 

f Lf = - ; s_:[PLofi -tPL&)f2]d2 (14) 

where II: = co&. 
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Since we are interested in the strong scattering of the A - rr, system which is the decay 

product in the weak decay of Z:, the total angular momentum of the A - rr system is J = 

L f i = a and hence the relevant partial waves are fJ=,+; = fo+ and fJzl-+. = fi-. The 

phase shifts can then be calculated from 

f s,p = fo+,l- = $‘s~P sinSs,p. (15) 

For small phase shifts we have 

tan &,P x kfs,p. (16) 

Since we are calculating only the tree level amplitude we are unable to satisfy partial wave 

unitarity. 

In our calculation, the A - n scattering takes place through the exchange of C and 

X*(1385). In th e f ormer case both s and u channel amplitudes contribute while only the u 

channel contributes for the latter. The contributions to A and B for C exchange are 

Ac = ( -gJ2Wx •t NH2 •t PC - Mi)( l A s - M; 
t u ',)}] 

-)‘[(MIMc + Md2{ lMg - s -l }] 
u- M; 

(17) 

where 

s = (PI t kd2 = (p2 + k2)2 

and 

U = (~2 - k1)2 = (pl - k2)2 

with pl,p2 being the initial, final baryon momenta and ICI, k2 the initial, final pion momenta. 

We note that in the lowest order the F term in the Lagrangian does not contribute. 

The contributions from C* exchange using the propagator S$, are 

Ax. = 
g2 [(M + M*)(-M; + u - 3kl. k2)M2 + P - k+M; - M; t u)M + 2(P. k1)2(M t MA)] 

f,2 3M2(W - u) 
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g2 2z(u - Mi) - 
E 3M 

+ szz,[zM,b - Ma + + - WI 
f,” 3M2 3M ’ 

BEa = 
g2 [(-M,2 t 2M; + 3kl . kz $ 2MM,#f2 + 2P m klM&! - 2(P e k1)2] 

z 3M2(M2 -u) 

(18) 

We note that the off-shell terms do not have a pole since the numerator in the amplitude 

of the off-shell terms is proportional to (P” - M2) which cancels the pole term in the 

denominator. 

If the propagator S$ is used then we have 

Ax. = g2 (M t MA){+@ t u - 3kl . kg) - 2P. k&l;} 
E 3(M2 - u)u 

BE. = g2 -2(p. kd2 - uM,2 t 2(u t P - kl)(M; + MMh) + 3ukl . k2 
E 3(M2 - u)u (19) 

As noted before, there is no z dependence in this case since the off-shell terms do not 

contribute. 

3 Results and Discussions 

In this section we present and discuss our results. The relevant masses and widths for our 

calculation are taken from Ref[l3]. The phase shifts from the C exchange are ~5s = -0.13 

degrees and ~5p = -2.84 degrees for D=0.8. If we vary D between its limits O-66-0.94 then we 

obtain Ss =-0.09 degrees to -0.18 degrees and Sp =-1.9 degrees to -3.9 degrees. For the C* 

exchange we determine the coupling constant g from the width of the C* + h;lr, 

2 

k= 
127rr 

(S,($ + l)PS’ 

8 



From the above we obtain g M 1.13. The contribution of the C* exchange using the propa- 

gator Sky can be written as 

fs = -0.127 t 0.0592 $ 0.089z2, 

fP = 0.119 - 0.0122 + 0.05422. (20) 

We observe that the contribution from the offshell terms can be almost of the same order 

as the other terms if z N 1. If z is large with z > 1, say z N 2 - 3, then the offshell 

term can even dominate the other terms. However this is unlikely as it would correspond to 

anomalously large SU(3) b rea m since the magnitude [14] of the off-shell coupling in the k’ g 

rNA system is < 1. In the heavy baryon framework Eq. (20) indicates that HBCHPT with 

baryons is slowly converging as in the case of the sum x sum HBCHPT describing 

the pion-nucleon system [7]. In the figure we plot Ss and Sp from the C” contribution as 

a function of z. Studies in the 7rNA system obtain a range of z to be between -0.3 to 

0.8 from fit a to the pion-nucleon data [14]. In the SU(3) limit we can use this range for 

our calculations. Assuming reasonable SU(3) breaking effects we take the range of z in our 

calculation between -1 and 1. From the figure we see that Sp is always positive and Ss is 

mostly negative for most values of z within the range of -1 to 1. The total phase shifts in 

A - 7r scattering is to a good approximation the sum of the phase shifts from the C and C’ 

exchange. So the net Ss and Sp can have values between N -1.3 to 0.1 degrees and between 

N -3 degrees to -0.4 degrees, respectively. 

If we use the propagator S $ then we get Ss =0.62 degrees and Sp = 1.12 degrees from 

the C’ exchange. This leads to total phase shifts of SS = 0.53 to 0.44 degrees and bp = -0.8 

to -2.8 degrees. The inclusion of the next low lying negative parity C and C* resonances in 

our calculations is not expected to make a significant contribution to the phase shifts [4]. 

We now compare our results with those obtained in [6]. As noted in the introduction a 

large S wave phase shift but a small P wave phase shift was obtained in Ref[G]. We should 
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recover the results of [6] ‘f 1 we neglect the off-shell coupling of the C* and set the pion 

mass4 M, = 0 . Now if one performs an expansion of the amplitude in the small parameter 

z = p,/M* then the S-wave phase shift is always suppressed with respect to the P-wave 

phase shift by II: N 0.14 and so a large S-wave phase shift of -17.6 degrees is not expected 

when the P wave phase shift is only N -3 degrees. 

In summary we have calculated the S and P phase shifts for A - r scattering in the 

fully relativistic sum x SU(3) R invariant chiral Lagrangian. We also included possible 

off-shell couplings of the C* baryon to AT. Assuming reasonable SU(3) breaking this off- 

shell coupling is taken to be of the same order as in the rNA system. We find small phase 

shifts for both the S and the P waves which are of the same order as those calculated using 

sum x su(2)R invariant chiral Lagrangian in the heavy baryon limit. 

Note Added: When this manuscirpt was under preparation we became aware of a new 

version of [6] that gets much smaller phase shifts than previous versions. The new phase 

shifts in [6] are similar to our results. 
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3.1 Figure Caption 

l Figure: S and P wave phase shifts 6s and Sp from C* exchange versus the offshell 

coupling 2. 
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